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The ROSAT Deep Surveys in the direction of the Lockman Hole are the most sensitive X-ray surveys
performed with the ROSAT satellite. About 70-80% of the X-ray background has been resolved into discrete
sources at a flux limit of 10−15 erg cm−2 s−1 in the 0.5-2.0 keV energy band. A nearly complete optical
identication of the ROSAT Deep Survey (RDS) has shown that the great majority of sources are AGNs.
We describe in this paper the ROSAT Ultra Deep Survey (UDS), an extension of the RDS in the Lockman
Hole. The Ultra Deep Survey reaches a flux level of 1.2  10−15 erg cm−2 s−1 in 0.5-2.0 keV energy band,
a level 4.6 times fainter than the RDS. We present nearly complete spectroscopic identications (90%) of
the sample of 94 X-ray sources based on low-resolution Keck spectra.
Introduction
The X-ray backgound has been a matter of intense study since its discovery about 40 years ago by
Giacconi et al. (1962). Several deep X-ray surveys using ROSAT, BeppoSAX, ASCA and recently Chandra
and XMM-Newton have resolved a large fraction (60-80 %) of the soft and hard X-ray background into
discrete sources (Hasinger et al. Has98, Mushotzky et al. Mu00, Giacconi et al. Gia00, Hasinger et al.
Has01.)
The optical/infrared identication of faint X-ray sources from deep surveys is the key to understanding
the nature of the X-ray background. A signicant advance was the nearly complete optical identication
of the ROSAT Deep Survey (RDS), which contains a sample of 50 PSPC X-ray sources with fluxes above
5.5  10−15 erg cm−2 s−1 in the 0.5-2.0 keV energy band (Hasinger et al. Has98, hereafter Paper I). The
spectroscopy has revealed that 80% of the optical counterparts are AGNs (Schmidt et al. Schm98, hereafter
Paper II).
The very red colour (R−K 0 > 5.0) of the only two optically unidentied RDS sources indicates either
high redshift clusters of galaxies (z > 1.0) or obscured AGNs (Lehmann et al. Leh00a, hereafter Paper III).
This study found a much larger fraction of AGNs than did any previous X{ray survey (Boyle et al. Boy95,
Georgantopoulos et al. Geor96, Bower et al. Bow96 and McHardy et al. Mc98).
Several deep hard X-ray surveys (>2 keV) have been started with Chandra and XMM-Newton to date
(e.g., Brandt et al. Bra00, Mushotzky et al. Mu00, Hornschemeier et al., Horn00, Giacconi et al. Gia00 and
Hasinger et al. Has01), but most of their optical identication is at an early stage or their total number of
sources is still relatively small (Barger et al. Ba01).
In this paper we present the X-ray sources and their spectroscopic identication of the Ultra Deep
Survey (UDS) in the region of the Lockman Hole. The UDS contains 94 X-ray sources with 0.5-2.0 keV
fluxes larger than 1.2  10−15 erg cm−2 s−1, which is about 4.6 times fainter than our previously optically
identied RDS survey.
The scope of the paper is as follows. In Sect. 2 we dene the X-ray sample and present its X-ray
properties. The optical imaging, photometry and spectroscopy of their optical counterparts are described in
Sect. 3. The optical identication of the new X-ray sources and the catalogue of optical counterparts of the
94 X-ray sources are presented in Sect. 4. A K 0 survey covering half of the X-ray survey area is presented in
Sect. 5. The photometric redshift determination of three very red sources (R −K 0 > 5.0) is shown in Sect.
6. The implications of our results with respect to the X-ray background are discussed in Sect. 7.
Throughout the paper, we use H0 = 50 km s−1 Mpc−1, q0 = 0.5, and  = 0.
The X-ray observations
The ROSAT Deep Surveys consist of ROSAT PSPC and HRI observations in the direction of the
Lockman Hole, a region of an extremely low galactic Hydrogen column density NH = 5.7  1019 cm−2
(Lockman et al. Loc86). About 207 ksec were accumulated with the PSPC detector (Pfeffermann & Briel
Pfef82) centered at the direction α2000 = 10h52m00s, δ2000 = 57o2103600. The most sensitive area of the
PSPC eld of view is within a radius of 20 arcmin from its center.
The ROSAT PSPC image is the basis for the ROSAT Deep Survey (RDS), which includes a statistically
1
complete sample of 50 X{ray sources with 0.5{2.0 keV fluxes larger than 1.1  10−14 erg cm−2 s−1 at o-axis
angles smaller than 18.5 arcmin and fluxes brighter than 5.5  10−15 erg cm−2 s−1 at o-axis angles smaller
than 12.5 arcmin (see Paper I).
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